We present the results of our search for a dynamical family around the active asteroid P/2012 F5 (Gibbs). By applying the hierarchical clustering method, we discover an extremely compact 9-body cluster associated with P/2012 F5. The statistical significance of this newly discovered Gibbs cluster is estimated to be > 99.9%, strongly suggesting that its members share a common origin. The cluster is located in a dynamically cold region of the outer main-belt at a proper semi-major axis of ∼3.005 AU, and all members are found to be dynamically stable over very long timescales. Backward numerical orbital integrations show that the age of the cluster is only 1.5±0.1 Myr. Taxonomic classifications are unavailable for most of the cluster members, but SDSS spectrophotometry available for two cluster Preprint submitted to Icarus 14 January 2014 members indicate that both appear to be Q-type objects. We also estimate a lower limit of the size of the parent body to be about 10 km, and find that the impact event which produced the Gibbs cluster is intermediate between a cratering and a catastrophic collision. In addition, we search for new main-belt comets in the region of the Gibbs cluster by observing seven asteroids either belonging to the cluster, or being very close in the space of orbital proper elements. However, we do not detect any convincing evidence of the presence of a tail or coma in any our targets. Finally, we obtain optical images of P/2012 F5, and find absolute R-band and V -band magnitudes of H R = 17.0±0.1 mag and H V = 17.4±0.1 mag, respectively, corresponding to an upper limit on the diameter of the P/2012 F5 nucleus of ∼2 km.
bit (Table 1) non-gravitational accelerations can therefore be extracted from this dataset.
122
Having obtained good osculating elements we can then proceed to the determina-123 tion of proper orbital elements, which we did by applying the methodology de-
124
veloped by Knežević (1990, 1994 
Application of the Hierarchical Clustering Method

128
The next step in our study was to search for the presence of a dynamical asteroid Table 1 The osculating orbit parameters and their corresponding formal errors at epoch JDT (Zappalà et al., 1990 (Zappalà et al., , 1994 .
135
The HCM identifies groupings of objects having mutual separations below a thresh-136 old 'distance' (d c ), which, adopting standard conventions, has units of m s −1 . We
137
apply the HCM to a catalog of analytically-determined proper elements (Milani and Knežević, 138 1990, 1994) available at the AstDyS web repository as of November 2012 (http://hamilton.dm.unipi.it/astdys/).
139
Analytical proper elements are reasonably accurate for objects with low to moder-140 ate orbital eccentricity and inclination. We use them because they are available for both numbered and multi-opposition asteroids. The proper elements of P/2012 F5 142 that we obtained here are also added to the catalog.
143
We carry out our HCM analysis by testing a range of cutoff distances from 5 to 
152
The structure of the cluster in the space of proper orbital elements is shown in dicating that a family is the result of a cratering event (Vokrouhlický and Nesvorný, ternal halo of Eos family members is considered (Brož and Morbidelli, 2013 we cannot exclude a possibility that any single member is an interloper.
209
The most appropriate and accurate way to determine the age of a young family 
Orbital evolution of the cluster members
237
In our first application of the BIM, only the orbits of real family members are 238 used to estimate the family age. In order to apply the BIM, two conditions must ter. In practical terms, for the purpose of this study, objects are considered stable 245 if T lyap > 10 5 yr. This condition is satisfied for all members of the cluster (see 246   Table 2 ).
247
The evolution of the average of the mean differences in the two secular angles, de- 
Orbital and Yarkovsky clones 257
To further refine our BIM determination of the age of the cluster, we use a method- real member of the cluster.
287
We then numerically integrate the orbits of all clones backward in time for 2 Myr 288 using the ORBIT9 software package (Milani and Nobili, 1988) . The adopted dy-289 namical model includes four major planets, from Jupiter to Neptune, as perturbing 290 bodies, and accounts for the Yarkovsky effect.
291
The age of the cluster is defined as the minimum of the function
where na ≈ 17.2 km s −1 is the mean orbital speed of the asteroids in the Gibbs clus- The histogram of the ages we obtain using this method is shown in Figure 5 . We to be on about 24 km (assuming p V = 0.05) or about 12 km (assuming p V = 0.2).
Physical properties of the Gibbs cluster
369
As we have already noted, asteroid 20674 is by far the largest member of the
370
Gibbs cluster. The mass ratio between the largest fragment and the parent body 371 is M LF /M P B ≈ 0.9. Based on these findings, the collision producing the Gibbs 
Search for new main-belt comets
378
Young asteroid families located in the outer regions of the asteroid main belt are 379 thought to be the best candidates to look for new main-belt comets (Hsieh, 2009 ).
380
For these reasons, we have carried out observations of 5 members of the Gibbs 381 cluster and of 2 additional nearby background objects.
382
From the observational point of view, the major difficulty in identifying new MBCs 383 is that of being able to detect their elusive cometary-like activity that is both weak 
386
The approach that we followed here includes optical imaging and adopts two dif-387 ferent search methods. The first method is based on the so-called Stellarity Index,
388
derived from SExtractor (Bertin and Arnouts, 1996) . This is designed to discrim- would be diagnostic of the presence of a comet-like coma.
393
We obtained R-band imaging of seven targets using the Imager/Low Resolution as measured in the 6th image (i.e. the middle of the acquisition sequence).
424
The next step is to check for possible signs of cometary activity of the observed 425 objects. Our first approach utilizes SExtractor (Bertin and Arnouts, 1996), a soft-
426
ware package developed to detect, measure and classify sources from astronomical 427 images. Having been originally designed to distinguish between stars and galaxies,
428
it allows users to discriminate between point-like and extended objects.
429
We use SExtractor to derive all the photometric/morphological parameters such as Table 4 .
432
In particular, the latter parameter has been used to discriminate between point-like Table 4 Photometric Data for our 7 target asteroids. The R-band magnitude of each object is shown, as well as the 5σ detection limit magnitude for point-like and extended sources in each frame. Stellarity
Indices are reported to discriminate between point-like and extended objects. with the direction of the object's apparent motion. It cannot be used to detect emis-457 sion oriented along the direction of an object's apparent motion.
458
We combine individual images of each object into a single high signal-to-noise we note that some scatter is present in the wings of some of the asteroid profiles, but
471
we attribute this to low signal-to-noise ratios far from the nucleus. Thus, we con-
472
clude that no coma is found, in agreement with results we obtained using method 473 based on the SExtractor. 
Observations of P/2012 F5 Gibbs
475
We also obtained 8 Capria, M. T., Marchi, S., de Sanctis, M. C., Coradini, A., Ammannito, E. 2012.
592
The activity of main belt comets. Astronomy and Astrophysics 537, A71. 
